Background: Supraclavicular (SCL), infraclavicular (ICL), and axillary (AX) brachial plexus nerve blocks are used for the upper extremity. Regional nerve blocks should be considered for their beneficial effects and less risk of complications. Objectives: The aim of this study was to conduct a retrospective evaluation of our experiences in ultrasound (US)-guided techniques of the SCL-ICL and AX approaches for brachial plexus block (BPB) in producing high-quality surgical anesthesia for operations below the shoulder. Methods: The records of 182 American Society of Anesthesiologists (ASA) grade I-III patients undergoing upper extremity and vascular surgeries under BPB by US guidance were evaluated. SCL, AX, and ICL approaches were used. A linear US probe was used for all patients. Data pertaining to demographic characteristics, ASA physical status, underlying diseases, block type, time between the block performance and the start of the operation, duration of the operation, type of surgeries, needle length, toxicity findings, postoperative complications, and success rates were assessed. Results: Demographic data were found to be similar with no statistically significant differences between the study groups (p > 0.05). The three groups were also similar in ASA physical status, type of surgery, the experience of the anesthesiologists who performed the blocks, the time between the end of the block performance and the start of the operation, and the quality of the surgical anesthesia. Transient Horner's syndrome was detected in 3 patients in the SCL group and in 1 patient in the ICL group. Conclusions: All three approaches can be used for US-guided BPB with adequate quality of surgical anesthesia.
Introduction
Peripheral nerve blocks offer safe conditions for highrisk situations due to their cost-effectiveness. Brachial plexus block (BPB) using the classical approach is a blind technique with a higher failure rate and injury to the nerves. To allow a time-tested and better localization of the nerves and the surrounding structures, ultrasound (US) techniques have been introduced. US-guided applications provide the best-quality blocks due to the visualization of the nerves, sheath, interfascial spaces, as well as the spread of the local anesthetic compared with the conventional technique [1, 2] .
The supraclavicular (SCL) approach to BPB is indicated for surgeries of the upper extremity distal to the shoulder; the infraclavicular (ICL) approach is indicated for surgeries of the distal arm, elbow, wrist, and hand, and the axillary (AX) route is indicated for surgeries of the elbow, forearm, and hand [3] .
The need for supplementation with additional analgesics or conversion to general anesthesia indicates the quality of the nerve block. The objective of this retrospective study was to evaluate our experiences with patients on whom US-guided nerve blocks were applied.
Methods
After obtaining Institutional Review Board approval, the medical records of 182 patients aged 18-65 years with American Society of Anesthesiologists (ASA) score I-III who had undergone elective orthopedic or vascular surgery using SCL, ICL, or AX block at the level below the axilla from June 2011 to December 2012 were retrospectively evaluated. The intraoperative-postoperative anesthetic records and the follow-up clinical notes were reviewed to identify any associated complications.
Data regarding demographic characteristics, ASA physical status, underlying diseases, block type, time between the block performance and the start of the operation, duration of the operation, type of the surgeries, needle length, toxicity findings, postoperative complications, and success rates were assessed.
Exclusion criteria were patient's refusal, presence of coagulopathy, infection at the block site, any neurological deficit, severe lung disease, contralateral diaphragmatic paralysis, and allergy to local anesthetics.
On the morning before the operation, all patients were premedicated with 2 mg intravenous midazolam. Standard screening was applied for assessing the heart rate, oxygen saturation, and noninvasive blood pressure, and 2 L/min of oxygen was applied via a mask throughout the surgery. One of the experienced anesthesiologists performed all the blocks with 40 mL of 0.5% bupivacaine. In the SCL and AX groups 22-G 50-mm needles were used, while in the ICL group 22-G 80-mm needles were used. A linear US probe was used for all patients. Additional nerve blocks were not used. A failed block was defined as the need for the addition of a strong opioid analgesic, infiltrative local anesthesia, or conversion to general anesthesia. The need for supplementation with additional analgesics or conversion to general anesthesia indicates the surgical anesthesia quality of the nerve block. All blocks were applied without additional neurostimulation using the S nerve US machine. All blocks were performed according to the Jack Vander Beek technique in the supine position. The duration of the blocks was assessed from the skin preparation to the end of the local anesthetic administration.
Loss of sensation was assessed using the pinprick test. The motor block was assessed within 30 min after the injection. Discomfort during the operation because of the prolonged position was not defined as pain. Patients were evaluated 24 h postoperatively for the restoration of the sensory and motor function and for side effects. Pain intensity was evaluated using a visual analog scale (VAS), with a score of 0 indicating no pain and a score of 10 indicating the worst imaginable pain. Patients with VAS scores > 4 were administered 100 mg i.v. tramadol.
Statistical Analysis
The one-way ANOVA t test was used for data showing normal distribution, and the Kruskal-Wallis test was used in cases of abnormal distribution of the variable, for comparison among continuous and ordinal variables. The Mann-Whitney U test was used for post hoc analysis in multiple comparisons. Fisher's exact test with two-tailed p value calculation, computed only for 2 × 2 tables, was used for comparing the proportions of categorical variables among the groups. p < 0.05 was considered to be statistically significant. Pearson's χ 2 d correlation test was used for assessing the correlation between body mass index and block performance time, proportions of orthopedic and vascular operations, complications, and comorbid diseases in each group.
Results
The data of 182 patients were included in the study. Variables of 182 patients were included and analyzed statistically in this study. There were no statistically significant differences among the groups with respect to their demographic data, the time between the end of the block and the start of the operation, and the duration of the operation ( Table 1) . The diagnosis and the type of surgeries were similar between the groups. The success rates were 91.6% in the AX group, 94% in the SCL group, and 93.3% in the ICL group ( Table 2) .
The proportions of orthopedic and vascular surgeries were similar with no statistically significant differences among the groups ( Table 3 ). The classical supine position was used for all patients with 22-G 50-mm needles in the SCL and AX groups and 22-G 80-mm needles in the ICL group. The duration of performance was 28.42 ± 8.75 min in the AX group, 22.40 ± 5.23 min in the SCL group, and 20.47 ± 7.33 min in the ICL group. The AX block performance was significantly longer than in the other two approaches. There were no differences in hemodynamics and Spo 2 measured throughout the procedure at all times. In total 7 patients in the SCL group, 10 patients in the AX group, and 7 patients in the ICL group felt discomfort due to the prolonged position or the inconvenient position on the operating table which resolved with 20-40 mg of propofol injection. Hematoma was observed in 5 patients in the SCL group, 4 patients in the AX group, and 3 patients in the ICL group. Horner's syndrome was observed in 3 patients in the SCL group and 1 patient in the ICL group (Table 4 ). Horner's syndrome was transient and resolved within 24 h postoperatively in all patients. Neurological deficit was not diagnosed in any patient during the operations or postoperatively. Of the total 182 patients enrolled in our study, 14 were excluded because of the failure of the blocks. A failed block was defined as the need for the addition of strong opioid analgesics or infiltrative local anesthesia. Four patients in the SCL, 4 in the ICL, and 6 patients in the AX group felt serious pain and were converted to general anesthesia. There was no difference between the groups in the proportion of failed blocks. Five patients in the SCL group, 16 in the ICL group, and 10 patients in the AX group had diabetes mellitus. Cardiovascular diseases were found in 5 patients in the AX group, 7 patients in the ICL group, and 15 patients in the SCL group. None of them had neurological side effects. All our patients had controlled diabetes mellitus. Two patients in the SCL, 3 patients in the ICL, and 5 patients in the AX group had chronic obstructive pulmonary disease who did not show any respiratory symptoms postoperatively (Table 5 ).
Discussion
US-guided nerve blocks have been increasingly popular over the past few years. The primary methods for nerve blocks before the advent of US guidance were peripheral nerve stimulator and landmark techniques. In contrast to traditional methods, US provides needle visualization for a correct identification of peripheral nerves and optimization of the distribution of the local anesthetic injection [4, 5] . It avoids intravascular or intraneuronal injection and can be used in patients having a poor twitch response. US provides an effective and minimally invasive method of peripheral nerve block [6] .
In this retrospective study, we observed that all three approaches can be applied safely for orthopedic and vascular surgeries below the shoulder. The three approaches provide adequate depth of anesthesia and quality of surgery.
Stav et al. [7] compared the US-guided technique of SCL-ICL and AX block technique in 101 patients. Similar to our findings below the shoulder, they stated that all three approaches can be safely used for BPB. With USguided BPB, no serious complications were encountered.
In another study, Chan et al. [4] demonstrated that US guidance improved the success rate of BPB. With similar results, Qin et al. [8] evaluated real-time US guidance for BPB in 2,042 patients. In their multicenter study, they demonstrated that US guidance improved the success rate and reduced the mean time of onset of anesthesia.
In another study, Hadzic et al. [9] compared general anesthesia with BPB for upper extremity surgeries. They concluded that the ICL approach provided time-efficient and better analgesia and greater patient acceptance with faster recovery.
The most common fractures of the upper extremity in young people are caused due to traumas. Lung contusions are frequently observed in trauma patients with upper extremity problems. General anesthesia can increase the morbidity. In our clinic, we prefer nerve blocks in trauma patients, especially for respiratory problems or underlying comorbid diseases. In case of emergency, all three approaches can be safely applied. In our study, we did not need the addition of any additional blocks or subcutaneous infiltrations. In the SCL and ICL groups, block performance times were similar but longer in the AX group with no clinical importance.
Franco and Vieira [10] collected 1,001 consecutive BPB blocks and observed them using a single shot technique and found no major clinical complications. In our study we also did not observe any major complication due to the technique performed by the experienced anesthesiologist.
In another study, Hörmet and Ayşenur [11] compared US-guided BPB with the classic nerve stimulator BPB technique. They concluded that the US-guided neurostimulator technique had better results than the classic neurostimulator technique.
Patients with chronic obstructive pulmonary disease, morbid obesity, older age and diabetes must be carefully evaluated preoperatively. Phrenic nerve block can reduce forced vital capacity. Respiratory complications can increase postoperatively, hence it is necessary to select patients carefully.
Our study had some limitations. It was a retrospective study with a small sample size conducted in a single center. In addition, there may be more side effects than we actually found because the patients' follow-up examinations were stopped or lost as it was a retrospective study.
Conclusions
Peripheral nerve blocks are cost-effective techniques that provide an adequate quality of anesthesia and analgesia while preventing problems associated with general anesthesia.
US-guided BPB can be applied using the three approaches and provide the same quality of surgical anesthesia for upper extremity operations with no serious complications. 
